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(57) Abstract: A light-emitting element using GaN. On a substrate (10), formed are an SiN buffer layer (1 2). aGaN buffer layer (14), 
^ an undoped GaN layer (16), an Si-doped n-GaN layer (18), an SLS layer (20), an undoped GaN layer (22), an MQW light-emitting 

layer (24), an SLS layer (26), and a p-GaN layer (28), forming a p electrode (30) and an n electrode (32). The MQW light-emitting 
f<| layer (24) has a structure in which InGaN well layers and AlGaN barrier layers arc alternated. The Al content ratios of the SLS 

layers (20, and 26) are more than 5% and less than 24%. The In content ratio of the well layer in the MQW light-emitting layer (24) 
Jj* is more than 3% and less than 20%. The Al content ratio of the barrier layer is more than 1% and less than 30%. By adjusting the 
^ content ratio and film thickness of each layer to a desired value, the light luminous efficiency for wavelength of less than 400 nm is 
r «4 improved. 
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8©JBIJ9fci: 1 0 0 0 nmW12 0 0 0 nmfilTx T> K-7GaNI 2 2CDJH/P 
(±2 0nmW±4 OnmKT, p-GaNJf 2 8©MiPttl 0nm«±4 Onm 
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SJt(°c) 


p+GaN 


950-1025 


Mg K— 3? p-AIGaN/Mg K— 3^ p-GaN SLS 


950-1025 


InGaN/AIInGaN MQW 


800-900 


7>K— 7 GaN 


800-900 


Si K— ^ n-AIGaN/Si K— 7 n-GaN SLS 


1050-1100 


Si K— "7 n-GaN 


1050-1100 


T>K— ^ GaN 


1050-1100 




450-600 


SiN/^7 


450-600 





^4ti3lNT, GaNM-y7r|l 4(i4 5 0°CWJt6 0 0 "CWTT-f&g^it. 
7> K-^GaNJl 1 6lil 0 5 0°CW±1 1 0 0°CWTT-J&S£-fe*\ S i K — 
7n-GaNi 1 8 fcfc 1 0 5 (KCfeLtl 1 0 0 °CWTT-fi&ft£-«\ SLS120 
$SNiAlGaN#f2 0 8:1 0 5 0*CW±1 1 0 0 WF T> 
K-7GaNI22tt8 0 0 "CW± 9 0 0 'CUT-ZMZK, MQWMI2 4 
(i8 0 0'CU±9 0 0Wt'M?t, SLSI2 6fe5lMiAlGaNII 
2 6 (±9 5 0'CW±1 0 2 5°CWTT-fi&g£-e\ p-GaNf2 8149 5 O'Ctt 
± 1 0 2 5°CWTT^^-&So 
W±©J;o{ctT^M^nfc^^*«^©4'tAns Pli3 OMn 

ft£t};fri±&Am«fc2 0mA©t#tcfcct^2mW##^iT,fc„ 
m±5nm©«BB"eife*Cl:*fltSU-CV>5o *«S-?a&*tts £<fc*3%T-$> 

S o 
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X mmcDWm £ fr o fz £ c 5 . 2gft$M fc: «k D #Jf ©fHW*# tfg^S^}:^ 
m^mtfeo Tfcto^ %KV 3 8 0-4 0 0 nm©«^ &J1©JP 
3#£2 fcij*£ftfc*?* L^KJS©ttfflflt?&ft«#tti#fci: 1 mWW±#»6*i 

-7^ fc3fcK-*«fi#3 6 5~3 8 0nm©»£B\ #jf©MJi#gt 2 fc^ 

sftfc*?* ov^j**©a6H*»&-rn4i:*m*«±o. 1 mweiTta»t*'j>b, 

#Ji©Jp£#lt3£^£ft;fc«fc LUJS£©ttH*»&ms 1 m 

T-x (M4 0 0 nmJiiT) ©S8ft^£ft±T*#3 £ £#iS^<*ftfco 

£©J:5fcS8#&*#Sfc#«*ft3KBfcJ\ WTO«k^fc*A6n5. B2Ctt, 

ft &*Bft*?©«riBtt?HtKtt« & m rm mm &m * 

V^o C©rr®S^Bl^«Mia^M^m^t-Sh, n-GaN/AlG 
aN SLSJf 2 0£T> h*-:TGaNJi2 2 0^jS-CtttAHS«Lt £ J; 
&K>fr% 0 SLS§2 O^fc^SftaM^i:. ^©^#®T'^MJ^S^fb^ 

If 6ft, £©K±tff^£ftfcMQWS§ftJf 2 4 *©M#f£MLfc£%xft£o 
■Tfttot., #^©mj^Sy c J¥^^±IB©$EffltM-r-SCi:-C> MQWIgftJf 2 
4 4>©$S{i^Wi$ii'r- # £ 6 ft£ o 

££fCs &3fc»4safe##fc3ftfc*5-o©jBHfcL"t\ %ftJR 2 4 ©*EJ$f8 
6£##;L6ft£o AlInGaN l^tt I n G a N) #pf/Al InG 
aN (fcSVMiA 1 G a N) M U TJifcifiiUf IfcMQWMI 2 4fc33V>TfcJu 
I n*fififc#&< InGaNfflM6fli^ DSK *E(£Jg6 b£ t I 
n«ASSdW fc* £ ^SMfirC %ft-r*>(D A £ ftfe * -V U ^tt^ ©MT-fi 

A ltfMSftT^&CT-s I ni:A l©M5[sm#{cii-^-rci:T^ ?g*tl 

ci:##x.e>ftSo Ei3{ctt, WfBB* : FS««i¥Ji*^-ra!iBiiia*«^*ft"r*t), 
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OTffiBUtiU SLSI2 OWDCAlGaNcDflfcU SLS 
JS2 6 0ttfc9iCA 1 GaN©#JHfcUT*Pt»C«S4 0 0nmtlK« 
SMstfH^;: iifcjl^ffil/TV^o mi&$)tzl£> S L S Ji 2 0 CD-ftfc D Cs Al 
SafiS.<& 5 — 2 5%i:lfcAlGaN^5 0nmW±5 0 OnmttT, «fct)»iit: 
ti7 0nmW±3 0 0nm)ilTiiU S L S® 2 6 ®-ftfc> t> t N ALi^4 5 
~25%£:L;fcAlGaN£5 Onmfill5 0 OnmttT. <fc D£?ji{ct±7 0 n 
mJ^±2 0 0 nmWTMt^o A lGaNfiJffl^fe^©^©Mli« 

t77-f TSIfcl O/Si N^afisJKl 2/GaN^^77l 1 4/T> p — 
7GaNfl6/Si F-7n-GaNf 1 8/A1G aNf 2 0/T> H — 7* 
GaNJ12 2/MQW3g7fcJI2 4 /A lGaNI2 6/p-GaN128 

dCQtffjgfc&^Tfcs MQW2 4©#pJiCDA> h^fy^^ij?!©;^ 
H^^^7 , cfcD*^^<^^ct^{3AlMfigi:b* s ^^^tl?)o Sfcs MQW2 4 
®/\''J7iOAl«M, AlGaNI2 0, 2 6 <D A 1 £B/&J±<fc »3 i>*£ < 

Ztc, $itBIAit Ellfc*UTS iNll 2 ft«]«*1\ 7>h'-7Ga 
Nil 1 6©ftt>»3k:, GaNftS iN^ALfcGaNi/S iNI/GaN 
»©*5i*#rSGaN^JIl 6i;U SLSI2 Ofc U7> h-7AlGa 
N ( 1 . 7nm) /S i F-7GaN ( 1 . 7nm) ££££5 0^7Mbt 
SLSjf20i;U T> K — 7"GaNJ12 2©fW>!> fcA 1 G a Ni ( 2 6 n 
m) £ U MQWM12 4 £: LT I nGaN#p| ( 1 . 7 nm) /A 1 Ga 
NA'j7f ( 1 3nm) ££SfC 3 ^TffMLTMQW&ftjl 2 4fcU SLS 
12 6 ilLTA IGaN ( 1 . lnm) /GaN (0. 5 n m) 5 0 * 

7MUSLSI2 6atMI?i«KU P«£«fi4 0 0 nmfilTf 
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S i Nfl±fcBJ*£ft*GaNJB©tett#«»U Zfi\z J: t) MQWMi 2 4 



^5 









P*GaN(17nm) 




1-50E17 


AIGaN ( 1 .1 nm) /GaN (0.5nm ) (50^T) 


AI=5-25% 


1-30E17 


InGaN (well) ( 1 .7nm) /AIGaN (barrier) 
(13nm) (3^7) 


InGaN (well) (In~5.5%h AIGaN 
(Barrier) (AI-30%) 




AIGaN (26nm) 


Al~20% 




T>K— ^AlGaN (1 .7nm) /SiK-^n- 
GaN(1.7nm)SLS. (50^7) 


Al~18% 


1-8E18 


SiK— ^n-GaN 




1-8E18 


7>K — ^GaN2(800-1200nm) 












7>K — 3?GaN1 (800-1 200nm) 






/>V7r» (~25nm) 













MQWftltm 2 4(C*ltSA 1 GaNA-'J7f(DA 1 ffifftltfci 3 ()%-£& tK 
SLSI2 OCDAimmttX'foZmi 8%£bjz% <, fro, SLSi2 60A 
lmmifrC&Z 5%~2 5 %ct t) fe*&^„ A 1 GaN£:fcttSAl*aj&#*t 
<&£t*£H55ft#&<t-r£©T-, MQWMI2 4CA lGaNM'J7|©A 

i mm<D±m\* 3 0 arc & a o 

<m2mmmm> 

-*TOt--5fc«)tttBaiJt-S^^©^S* s 4 0 0 nmWT, «k t) iEfiltCtt^ 
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*£T% TOflllffl^J:LTlll{3^^nfe^^m^7 ; ^-'f^ (LED) £ 

i!il4 0 0nm> 3 8 5nnu 3 7 2 nm©L E DT^&TLTlI]fl2©?f31£l£#- 
ifeo BBi**§aiSB:*«fc j e5mW (4 0 Onm) , 3 mW ( 3 8 5 nm) % 1 mW 
( 3 7 2 nm) Tr&So 
4 0 OnmLED Ol^ fc©©fitt#?8l£ tit, £*©aS£fc 

bT^x.S^^CD#m{ci£VM/^;i/-e$>ofe 0 3 8 5 nmLEDtfSlft 

*i&#>ofco ^ftc, ^&©iSSH4#Mfrofco -^x iSI3 7 2 nmLED©l 

< ja* asset §a<* *»o3j^6*A^fcifa"T?#&o 

dtb^cfctK ifi3 6 5~3 8 0nm$OLEDI4, ^fflitrUflfi^tlTl^S 7" 

<nzmmm> 

H^fco ^-?M4 0 0 nm ( 5 mW) „ 3 8 5 nm ( 3 mW) „ 3 7 2 nm 
(lmW) ©L ED^^^en^n 1 0#raj£rtfcJHI*UTftJ»©£fl5 (l^foi&S 
Bttlt) fcfl^fco ^©*£3^ ^$I4 0 0nm ( 5 mW) ©^litttA, 
£&g#jie,;h,fc;&»ofc©JCttU 3 8 5 nm (3mW) CDM&ii'P H 
btitio 3 7 2 nm (1 mW) ©»-&CHU liolD Ltzm&%t>titz 0 

Z(DZt\±s 365-380 nm^©LED#A#©B£Sf:i-£igC-f £££ 
gltl^. Z<DLED&?tmilLXm^XBmtt$iW.*Mft{stzo igg5mm 

©*** htzvzBmifTzmmRVLEDzmzs cm<Dmm±tmw.\sX& 

15 



WO 03/103062 PCT/JP03/07061 

mi t tz^mvmzz*)^ zxm o & $>ztz?>, *mm 
mm<z> Bmimwxi*. &^m& ^© b&j* ^amx-it set # vimx-fr % 0 
<&4mmmM> 

mflg^tL•r^^SUV*y Mbffiffi (SPF50+PA + + + ) £^fc&/»tc 
ML. t-^SI3 7 2 nm (1 mW) © L E D *ftmfcm.fr&A J fdm 3 

-5 o 

<m5mmmm> 

mm(D*¥&*&mmmm(D®mmiz&wftttmwmm£tix^%o zn&. 

:®iHI*Jl!l©««tt-|RCafi4 0 0 nrattTClfei, Ltzifi^X. Wft 

fflt*mmBm<DLE d i: sim^to-fr-s - tx\ m.mr£(Dfr?t*mmLxyt% 
m-rt^s mftzm d &t h t xmmmtxD^miz^^mmmm^wm.t^^. 
t&xtZo tLtz, mmifiwtix^mmitm^.^ (*n%%) ?mm*w&w 
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t-^tI4 0 0nm(5mW), 385nm(3mW)s 3 7 2 nm ( 1 m 

mhtzo loftmmmh, &sbt>titzmmtzifmmzwzy'( ^;^io«Lfe 0 

mztitzc utH*T-(i imrsm&w^TbWKfflftt>(Dft?tftmm$ntz 0 
-ZTvtiiM-zmmcDmifk&m^ntzW. ^tS4oonm (5mw) zitm 
t LTffiffl [stzm-&fcmibmyt&%ifr^tzo 

£©£?£, &ft3 6 5~4 0 0 nmlCL ED £Wftffl*&mLtzm.m$iW 

3 8 5 nm (3mW) OLEDI4. ^BSt(iWfe~^tBx.S fc«>x #3teffilT? 
#££ffit-£^#SDD^V^»&/^©TOi±T £Stl^o ^^lia-C-feSo - 
^Sg3 7 2nm(lmW) © L E D tefamzmzii hZftTLU^tztb. 
aJSfeS^CHSt-Siil^TtSo Ifctfot, »g3 6 5-3 8 0nm$ 
©LED^^^b-CfflW l*ttMLfc^MSiS*f, fro, 

mmft&Zo z<D&&mmm<Dftmtvzni&Bm(DLET>*&m\stzo e— * 

il!i3 7 2nmtfe5, BtH)£ LED %£WtWt b N M5&©*g£ Z> WUZmm Lfco 
|S]B?ff3 x 2W©7Klg7>r^J:bit©fctf)S'J©^RlftcSS§Lfco LEDCill^ 

ffi^l OmW, svizmi OmS, fRD&UJiiftftl 0Hz {W^ii 1 m 
W) WlxmrnZft^fzo ftffi^fcfcs LEDO^fr/Jv^Mcfcfrfrto^-f 
^ < ©M!il# LED fc*g; 5 d RM* tifco > Tli^BBicttlf €s~$S 
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So 

$g3 7 2 nmfflL E D£ 2 0 Olfffllt, ±jjBUfcH^i:|B]1i{C^ < 5;i/^|giij 
"Tr -5 o 

©LEDftffl^Tflb©Mfcf£«Rr!B-C&So Witt. *Sffif©*!l£*>«?&©J*{& 

bfcffiSi^zk©^fc4»«ffl-rsc:i;3&«t?sao 

Sfc> **KBB«fc:fclr*T* GaN116®ftbt)CAlGaNI$ffl^S3 
t#T"£> nIGaNll 8®ftt*)tniAlGaNI5ffl^5^J:!!)St^5o 
££>fc N GaNI2 2©ftt»t)tInGaNI^l>53fc4Sf^ pIGaN 
I2 8©ftb!)t:pSIiiGaNi*ffl^5^i:*-e§5c GaNIMJfcttx G 
aNJffflffe, GaNfflGa^Al^InfIIlfcAlGaNI4»I nGaNi 
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mmm i m&?m±t xmz ntz. g a Nmm? #pm t g aNii?^ »j t 

mZ&mm?#Pm±£Bf&£tltz, pMA lGaNltpiGa NJf ££5 

I2GaN^i 

pSGaNl 

3. ai*Jl2iei$©=ggK;fc^-t, 
HUia^l GaN^IttGaNlWiS iNJf XZfttzM&ZteLs 

mmm2G&Nmmt*A lGaNi^n 



19 



WO 03/103062 PCT/JP03/07061 

5 . m&m i mm&mmfc&^T, 

mmm i ©te^saim 2 fiftMfcfcw-s a 1 g a n/i© a lm^tta 5 % 

?*ifB^B»^#FJf twjfctt-S I nGaNfe-S^liA 1 I nGaNI^#p|ffl 
I nmmitit 3 %PJl± 2 0%WTT% A 1 GaN»«V>ttA 1 I nGaNlfM 
U TM<D A 1 IBjEftJttt 1 %&L± 3 0 %WTT-& D . HufBM^#FJf iiiiufB*^ 

ffiBBJfl li^lt^mA 1 G aNJf Sl>*GaNJIcD/lE£fci:*ft^*i 1 nm 
M±l 0 nmWTtifeDs 

HUHB#a*^#P^{-*lt2»*^#P^©J¥^tt 1 nmW±5nmWlf 
MiJ7l0l^li2nmWl5 0 nm^TTfe^ 

HU§Bff£2j&l&^JIfc::fctt£A lGaNiOf^ttO. 5nmW±l OnmWT 
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HiflBMSl GaNIBJB©JS£l±5 0 0 nmW±3 0 0 0 nmWTf^D, 
iitifBn^GaNmJf ©JP£«5 0 0 nmtll 1 0 0 0 0 nmWTtfe tK 
huIE^ lj&fe^Jf fcStt-SA 1 GaN»;&lFGaN»©JP*l±*ft*ftl nm 

BLtl OnmWTT'fet)> 
buSB^ 2 GaN^jf©J?£Ji5 nmWi 1 0 OnmWK*^ 
lfflB^fi«^#pJBC*»a«?^pJB©JS*ttl nmW±5 nmWT-ea? 

M'JT'jlCQJS^fci^ nrafe(15 0 nmWTT-&tK 
HuHBSf§2;g|&^Jf t^ltSA 1 GaNJfcDJS^iiO. 5nm«±l OnmtlT 

T'GaNJlCDJS^teO. 5nmtt±5nmttTf*^ 
sugBp^GaN^Jf CDjp£&5 nm«±5 0 nmWTT*&£ 

huHB^ 1 t*ttSA 1 G a NiMG a NlOS^F li^tl^n 1 . 5 

M"jTJl©Jp£(;±6 nmW.Jt2 0 nmJWT^^I? 

Hu8BS§2&*&?Jg£:fcW-£A 1 GaNjlGDJS^fi 1 nm«±6 nmWK'Ga 
NJI©;p£i;i0. 5 nmW±3 nm^TT-feS 
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9 . mmw 2 mm® mm c * ^ x > 

MIB^l GaN^lOf^til 5 0 0 nmlU±3 0 0 OnmWm^ 
ByfBn^GaNm/f©/P£i± 1 0 0 0 nmtt±2 0 0 0 nmiilTtfeD, 
BUlBIg lUSfltUIHA 1 GaNjf&tfGaNJfGDjp^y^ti^ni . 5 
nmW±5 nmWTT-&tK 
huIB^2 GaN^g©iP$tt2 0 nm^±4 0 nmWK^D, 

MUTil©JP£tt6 nmJii±2 0 nmWTT*&tK 

luf3^2je«?JBC*»*A 1 GaN/f©JP£fck 1 nmWl 6 nmWTT'G a 
NJf ©JP2&0 . 5nmtt±3nmaTfJ&!), 

HuSBp^GaNmS^iP^Ji 1 0 nmW±4 0 nmWK'J&S 

z t t -r a mm u * a 3Mb^«j^##§s«. 

1 0. 

fuffll£*±fc:BJSS*ifcnSA lGaNft 

HuSBnMA 1 GaNS±{cBfi£^Hfc, GaNSi?#Pii:GaNM^ 
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i i. m&mi oimomwias^r. 

mtzmi GaN^IitM^ftifcniGaNMIi:, 

BUH3 n m A 1 G a N M £ m HB^ li^^Pl £ © US £ N 
I2GaNIIi:> 

iufBpSAl GaNIitM^tifcpiGaN^Ii:, 

n^A 1 G aNJBatfffifffipS A 1 G a NIOA 1 mf&ttk t) %X%UZt*ft 

1 3. gfr&gl 01B«©£1flc:feV^ 
BufBn^A 1 GaNJI&tfp^A 1 G a N1©A lfflSfcJtfc}: 5 %W± 2 5 %Ji* 

iu§B^SS7#FJI£:fett3 InGaNfe^WiAl I nGaNi?#pl© 
I nffifigJ;t«i3%W±2 0%J^TT% All nGaNfc-S^ttA lGaNl^ 
U 7J1 ©A immitit 1 Xtt± 3 0 °/,tt"Ftfet), huIBM^^P®»±huI3M^^ 
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i 4. mmmi osaftosssc^-t, 

ituaSn^A 1 GaNJi©JP£&5 0nmJil±5 0 0 nmWK*fet)> 
iiyIB^M^#FUf t&tt£ft?#Fjf ©Jp£fcfc 1 nmW±5 nmWTtlf 
M'J^jfGDJ?;*!^ nmiU±5 0 nmWTtfe^ 
Buiap^A 1 GaNJB©JP£l±5 0 nmW±5 0 0 nmWT-Cifc* 

15. St$£l l§Bi«©^Ml.r:fcV^ 
BUlBtfl 1 G a N^jf <DJS£{i 5 0 0 nmtt±3 0 0 0 nmWTT'fe^ 
itufBngmaN^Jf ©JS£i±5 0 0 nmJiLh 1 0 0 0 0 nmWTTfe^ 
BufBn^A 1 GaNji£>J5£fct 5 0 nralU5 0 0 nmtlTf* tK 
Huf3^2 GaN^Jf ©JS£f±5 nmJiJl± 1 0 OnmWK-fe^ 
BUH3^@S^#P^{C*5itS»^#P^cDS^{i 1 nmW±5 nrnttTfl? 

n>J7l(Df$li2 nm«15 0 nmttTtife^ 
buIBp^A 1 GaN/fcDJS£fci:5 0nmW±50 OnmWTffet), 
HUl3p^GaN^ii©S^{i5 nmW±5 0 nmWTtr&a 

1 6. ff5)<Jll 0t3m©£Sg£:i3^-£. 
lufBnMA 1 G&Nm<DB£l±7 0 nmtl±3 0 0 nmWT^^D 

mm&mm?#pmfc&tt zm?#pm<DB£i± 1 nmw±2 nmwTti? 

A'J7i0i^li6nmW±2 0 nmWTtfc^ 
ifHBp^A 1 GaNiiCDjp£fci7 0 nmIM±2 0 0nmfelTT-&£ 
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i 7. mxmi lmmcDmwt&^T, 

mmmi GaNmJf©JS£fci:l 5 0 0nmWl3 0 0 OnmttTffe^ 
iiuH3nSGaN^Jf 1 0 0 0nmW±2 0 0 OnmWm^ 

tulBn^Al GaNM©iP^(i7 0 nma±3 0 OnmWK-fe^ 
buH3^2 GaNUUf ®/P£y:2 0 nmttl4 0 nmWTT'fc tK 
H5H3f-SS^#PM(c^{t-Sfi^#P^©JP$(± 1 nra«±2nmWT-PI? 
MU TjfCDjp^fci: 6 nm«±2.0 nmWT'eS^ 
huIBp^A 1 GaNJf ©Jp£fci:7 0 nmJM±2 0 0 nmttTffe^ 
iiyt3pSGaN?FJl©J*£fc* 1 0 nmW±4 0 nmJ^TT'ifc-S 

h t -r z> mt a u >> a mt&%*mmm.<> 

Bul3SIR±tg)f3/^y 7?M4 5 0*CW±6 0 0*CttT©agt-Ml> 

Bu83^-y7 7-^±(ZH5l3^1 GaN^I, miHBn^GaNm^, itui3Sgl;@te 
^Jf 1 0 5 0°CW± 1 1 0 0°CWT©MT-^fi)cU 

Bul3^1^^±i3ful3^2GaN^Ms iiuf3^M^#FfJf £Jli& 8 0 0 
°CW±9 0 O-CWTO&JgT-ff^U 

Hut3^SS ; F#PM±^HUf3^2«1S^, HufBpSyGaN^Jf £J!&9 5 0 
°CW± 1 0 2 5 0 CWT©SJgT-ffM-f £ 
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1 9. mmWl lf3«8©^B*MOCVDi£-eKJt-rs*iS"r»ot, 
H533«4R±fcB!fSB^y 7tS*4 5 0°Cfei±6 0 0*CWT©taifC^U 
HulBny7 7'^±{CBulBlgl GaNm ilBnSGaNm ffiiBnSiA 1 

GaNJf £J!& 1 0 5 0 °Cfit± 1 1 0 OWTC^TBeJoU 
HuIBn^A 1 G a NJB±fcfSf8BSS 2 G a NffUf ^ iui3^fifi^#F/i£Jift 8 

0 0 W±9 0 0 o CWTO^T'Jf^L, 
iftfB^M?#FJl ±lCiiulBp§y A 1 GaNI, ttilBpSG a N^Jf £Ji#: 9 

5 0°CU± 1 0 2 5WT©SftT?JfcJ*-r* 

2 0. ft$Jl2&£^ttail$£l 1 ©l^*ifrfciEtt©&1Rfc43^Ts 

SiraBpaaGaN3RJiC««lE*tifcp«tt^ 
«HBn«ikpWi:cDlBt«BEftWiP-r*«BkH 

2 1 . at$9 2 ommomwzftmtm^ «S4 o o nmWTo^^Mts 
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